We present the results of simulation of interference of surface plasmon-polaritons (SPPs) which are falling and reflecting from the curvilinear boundary of inhomogeneity area in the metal layer. The plasmon vortices with a screw phase dislocation appear in the singular points of the field as a result of the SPP interference after reflection from the boundary of inhomogeneity in the dovetail form. The position of the plasmon vortices on the surface of metal layer can be controlled by means of the external electrostatic field. Negative charges localized at the control probes cause the change of the boundary curvature of the permittivity of inhomogeneity area on the metal layer, which leads to displacement of the vortex localization points. When the vortex is localized under the readout nanowire probe with angular thread, the maximum or minimum of the signal takes place in the probe depending on the helicity of the thread and the topological charge of the vortex.
Introduction
In the last decade surface plasmon polaritons (SPPs) attract attention of researchers in connection with controlling of the electromagnetic fields of optical frequencies by the SPP-devices and creating logic gates for optical processors, spasers, other devices and elements of plasmon technology [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] PhIO-2018 The curvature of the wavefront and the direction of propagation of the SPPs change while reflecting from the curvilinear boundary of the inhomogeneity in the metal layer.
Scattering of SPPs on the inhomogeneities of various configurations at the boundary between the dielectric and metal leads to enrichment of the mode composition of the SPPs, as well as to the interconnection of modes in microwave guides and microcavities, and to radiation from the metal and dielectric interface of bulk electromagnetic waves. In this field of research a large volume of theoretical and experimental works are devoted to scattering of the SPPs on various inhomogeneities in the metal layers [11] [12] [13] [14] , to focusing and controlling the SPPs by electromagnetic fields, and to various dielectric and metallic nanostructures on a chips and plasmon lenses [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . It is known, that the optical vortices may appear when the waves with wavefronts of different configurations formed under reflection, refraction or diffraction of waves have interference [27, 28] . Optical vortices are still actively investigated in connection with a wide field of their application [29] . Interference of the SPPs can also lead to the formation of plasmon-polariton vortices under certain conditions. The plasmonpolariton vortices are excited when the SPPs pass through plasmon lenses which are curved slits, or cavities and protrusions in a metal layer [30] [31] [32] [33] , as well as under normal incidence of an optical vortex beam on the metal surface [34] . The singular points with a screw phase dislocation arise on the surface of the metal layer, in which plasmon-polariton vortices are formed at the interference of incident and reflected
SPPs from the inhomogeneity of permittivity with curvilinear boundary [35] [36] [37] . The plasmon vortices do not arise in case of superposition of the modes reflected from a straight line boundary of the inhomogeneity. PhIO-2018 The boundary of inhomogeneity in the form of dovetail ( Figure 1 ) can be formed in the metallic layer as a result of the action of an electrostatic field of the negative charges that localized on the control probes which are located above the metal layer. In 
Surface plasmon-polariton modes
The permittivity of a metal at optical frequencies is a complex quantity with a negative The TM-mode of the SPPs with the field components , , is formed at the homogeneous interface of the non-magnetic metal and dielectric [3] . The TMmode propagates along the homogeneous metal surface with the mode propagation constant that is parallel to the axis ; the electric vector of the TM-mode rotates in the plane ( , ), and the wavefront of the surface wave is flat. But the surface plasmon-polariton wave is reflected from the inhomogeneity boundary if there is an PhIO-2018 inhomogeneity in the metal layer, for example, if the metal layer is broken off or the boundary conditions − 0 = 0 are violated. The real part of the permittivity = − ′ < 0 of the metal at optical frequencies is negative. However, under the influence of the external electrostatic field of the negative charge located at the control probe above the metal layer, the area with positive permittivity = ′ > 0 can be formed in the metal. The SPPs will be scattered on such area of inhomogeneity of the metal permittivity.
There are the evanescent waves directed from the boundary to the inhomogeneity area in the direction of the axis , and the SPPs directed back from the boundary of inhomogeneity against the axis . In this case, the mode composition of the reflected SPP wave is enriched; the modes with field components , , , , are formed [35] [36] [37] . However, because of the boundary conditions, the normal component of the 
is the amplitude, = arctan ( / ) is the phase of the interference field, = , , . At least three plasmon-polariton waves arrive to the zero points of the SPP interference field: the incident wave and two reflected waves at different angles 2 from the curvilinear boundary of the inhomogeneity, PhIO-2018 then the screw dislocation takes place in the phase of interference field. At these points the SPP interference fringes are split, and plasmon-polariton vortices arise.
Modern methods of apertureless near-field microscopy with the resolution of units of nanometers [38] [39] [40] are based on the detection of the normal component of the electric vector; therefore we will analyze hereinafter the distribution of . 
Discussion of the proposed experiment

Excitation of the SPP modes in nanowire
If the readout probe is placed above the point of localization of the SPP vortex on the metal surface, then surface plasmon modes can be excited in the nanowire of the probe [42] [43] . To excite the SPP modes in the nanowire, it is necessary to match the 
To obtain analytical solutions in the first approximation, we neglect the term exp ( ) in the denominators of the terms in equation (3), we believē2 2 << 2 0 , and obtain the equation 
The variables are separated after factoring of the solution = ( , ) ( ) in the equation (4), we get two equations: Then we obtain expressions for the longitudinal components of the SPP modes inside and on the nanowire surface
where
The longitudinal components of the electric field (7) and (8) 
Conclusion
The SPPs generated at the boundary of the homogeneous dielectric medium and the metal layer form the TM-mode propagating along the surface of the metal and having the plane wavefront. The inhomogeneities of the metal layer permittivity cause the reflection of the SPPs, while the modal composition of the surface waves changes.
There is the interference of the TM-modes when the SPPs are reflected from the straight line boundary, but the SPP vortices do not arise. If the boundary of the inhomogeneity area is curvilinear, then the vortex lattice arises as a result of interference of the SPP-modes.
The distribution of the singular points at the minima of the SPP interference field, in which vortices are formed on the metal surface, depends on the curvature of the PhIO-2018 boundary of the inhomogeneity area. The curvature of the boundary of the inhomogeneity area in the metal layer can be changed by means of the external electrostatic field of negative charges at the control probes. It is possible to control the distribution of the minima of the SPP interference field by changing the voltage on the control probes located above the metal surface, i.e. varying the value of the negative charges of the control probes, we can change the configuration of the vortex grating. In the readout probes, which are nanowires with the spiral thread, the signals are effectively excited when the helicity of the thread coincides with the topological charge of the plasmon-polariton vortex.
